which ultimately resembles a funnel with a button-hole, stenotic orifice, the tricuspid valve, after chronic rheumatic involvement with fusion of commissures, resembles a diaphragm with a central or eccentric orifice. Such a tricuspid valve functions with varying degrees of stenosis and insufficiency.2 A study of necropsy material suggests that insufficiency predominates more frequently than stenosis, while physiologic studies would suggest just the opposite.' Recognition Tricuspid incompetence is a relatively common concomitant of advanced rheumatic mitral valvular disease, and at times may dominate the clinical picture. It may result from organic involvement of the valve by the rheumatic process, or from inability of the leaflets to appose completely due to an overdilated right ventricle. When severe, tricuspid involvement is manifest by increased venous pressure, sometimes with markedly pulsatile characteristics, invariably giving rise to hepatomegaly and hepatic dysfunction, ascites, and marked peripheral edema.
Organic tricuspid insufficiency needs to be differentiated from functional tricuspid insufficiency, tricuspid stenosis, and mitral insuf--ficiency. Correction of the factors in the left side of the heart producing right-sided cardiomegaly can be expected to restore normal annulus diameter and tricuspid competency with resultant disappearances of the signs of insufficiency when there is no significant organic disease in the tricuspid valve. ment was carried out. When the mitral valve procedure has been completed, the left atrium is allowed to fill with blood and the atriotomy is closed. When the tricuspid valve also has significant impairment, it is exposed via a right atriotomy. If significant insufficiency or Figure 2 The Starr-Edwards ball-valve mitral type prosthesis is seen anchored at the tricuspid valve annulus. The papillary muscles and chordae tendineae have all been retained and have not interfered with the free motion of the ball in its cage. Figure 1 The fused commissures of the tricuspid valve are seen being divided out to the annulus. Note how the valve resembles a taut diaphragm with a central orifice in contrast to the characteristic appearance of the stenotic mitral valve which more resembles a funnel with a button-hole orifice. The reefing stitch has been started. In actual practice commissurotomy is completed before reefing is started. The lower illustration shows the completed reefing stitch interrupted at three places, the papillary muscles and chordae tendineae have been left intact, and the mattress sutures, each reinforced with a short segment of Teflon spaghetti tubing have been placed circumferentially around the annulus and then through the woven Teflon skirt of the Starr-Edwards ball-valve prosthesis. stenosis exists, it has been treated by prosthetic valve replacement. Considerable study and clinical experience has convinced us of the futility of valvuloplasty for tricuspid lesions.
Prosthetic valve placement is begun by dividing the fused comrmissures out to the annulus and then reefing or rolling up the scarred leaflets with a continuous over-and-over suture of 2-0 Mersilene interrupted in at least two places ( fig. 1 ) to prevent pursestringing of the annulus.
The papillary muscle-chordae tendineaetricuspid annulus relationship has been preserved intact in the belief that this strengthens the force of ventricular contraction and increases the efficiency of right ventricle systolic ejection. With the patient on total cardiopulmonary bypass, the heart was electrically fibrillated. Through a left atriotomy the mitral valve was inspected and mitral commissurotomy was performed to 2.5 cm. diameter with a Tubbs dilator. One annuloplasty stitch was placed in the mural leaflet near the anterior commissure to control the minimal insufficiency. The tricuspid valve was inspected through the right atrium. A no.-4 Starr-Edwards ball-valve mitral prosthesis was anchored at the annulus in the usual manner. No thrill was felt in the left atrium. The patient tolerated the procedure well, but required respiratory assistance by means of a tracheostomy and respirator. When seen 6 months later, she was found to have a great increase in exercise tolerance. Patient 4 J. M., a 30-year-old woman, was admitted complaining of gradually increasing exertional dyspnea, easy fatigability, and frequent coughing requiring diuretics and digitalis. There was no history of rheumatic fever. The patient was emaciated and without dyspnea only at rest. A grade-III/VI systolic murmur was heard at the apex. A snapping mitral first heart sound was heard. There were marked hepatomegaly and ankle edema. The urinalysis was positive for albumin. The electrocardiogram indicated atrial fibrillation, right axis deviation, and possible right ventricular hypertrophy. A retrograde aortogram and ventriculogram demonstrated the classical mitral stenosis sign ( fig. 3) , mild aortic insufficiency and no mitral insufficiency. The cardiomegaly was due primarily to right ventricular enlargement. On April 6, 1964, the heart was exposed through a right posterolateral incision. A distinct thrill was palpable in the right atrium. After cardiopulmonary bypass was established, the tricuspid valve was seen to be stenotic and insufficient due to diffuse cicatricial retraction. The orifice was shrunken to only 1Y2 fingerbreadths in diameter. The mitral valve showed severe stenosis with an orifice diameter of only 3 mm. (fig.  4A ). Owing to retraction of the mitral leaflets with a severe subvalvular component resulting from fusion and obliteration of the chordae tendineae, the mitral leaflets were attached directly to the papillary muscles. The entire left atrium was lined with a large amount of soft clot. This was removed ( fig. 4B ) and the atrial appendage sewed off from the inside of the heart. The mitral valve was opened with a Tubbs dilator, but it was found that it could function at best very poorly because of the fusion of the chordae ten- dineae. Therefore, the anterior and part of the posterior leaflets were excised and the remaining posterior leaflet was reefed and a no.-4 StarrEdwards ball-valve mitral prosthesis was anchored to the annulus in the usual manner.8 The tricuspid valve was incised at its commissures and reefed up. A 4M mitral ball-valve was seated down and anchored to the annulus. Large papillary muscles running to the anterior leaflets looked as if they might interfere with the valve function and were excised. The heart took over well, although it remained in atrial fibrillation. Anticoagulation was instituted on the fourth postoperative day. the hospital complaining of-excessive tiredness, shortness of breath, and palpitation on exertion. At 10, she had had an illness suggestive of rheumatic fever. The heart was enlarged. A blowing holosystolic murmur, grade III/VI, was heard over the entire precordium with maximal intensity at the tricuspid area. A grade-IV/VI mid-diastolic murmur was audible at the apex. An opening snap could be heard. The liver was not enlarged.
The electrocardiogram showed P mitrale and P pulmonale. The vectorcardiogram indicated right ventricular hypertrophy. The right ventricle and left atrium were enlarged. Left heart catheterization revealed severe mitral stenosis without insufficiency and a trace of aortic insufficiency without stenosis. On May 14, 1964, the patient was operated upon with a diagnosis of severe tricuspid stenosis and insufficiency and severe mitral stenosis. The heart was exposed through a right posterolateral thoracotomy. There was only a trace of aortic insufficiency. Both atria were markedly distended. There were cicatricial retraction and severe scarring of all three leaflets of the tricuspid valve. Mitral stenosis was extremely severe, with a central opening of 4 to 5 mm. diameter. After establishing total cardiopulmonary bypass, the mitral valve was observed through a left atriotomy with the heart beating. The heart was then electrically fibrillated. The mitral valve was opened to a 3.8-cm. diameter with a Tubbs dilator. The opening was completed by incising both anterior and posterior commissures with the scissors. There was only slight mitral insufficiency at the posterior commissure after valvuloplasty. The three commissures of the tricuspid valve were incised out to the annulus. The leaflets then were reefed with an over-and-over suture of 2-0 Mersilene carried around the circumference and inCircalation, Volume XXXII, January 1966 terrupted at two points. A no.-4 ball-valve mitral prosthesis of the Starr-Edwards type was then seated in the triscuspid area in the usual manner. Both atria were closed after evacuating all air, and the heart took over well after two direct current shocks at 50 watt seconds. The postoperative period was uneventful. The patient was discharged on the twentieth postoperative day on a regimen of digitoxin, and Coumadin, the latter having been started on the fourth postoperative day.
Discussion
Relatively little mention has been given in the literature to the surgical treatment of organic tricuspid stenosis and insufficiency. The fact that five cases of this condition occurred during an 18-month period on one service indicates that the lesion is by no means rare. It is our belief that cases of significant organic tricuspid insufficiency associated with mitral or other valvular disease of rheumatic origin are being overlooked or are being left untreated on the assumption that they are always functional and will regress with surgical treatment of only the mitral valve lesions.
It is presumed that all of our cases resulted from rheumatic fever although only two of five patients gave a history of the disease. The reported higher incidence among women of tricuspid disease' has been borne out in our series. All had tricuspid insufficiency and mitral valve disease. In addition, two had associated tricuspid stenosis, four had relatively pure mitral stenosis, and one patient had mitral insufficiency. Two Severe organic tricuspid insufficiency or stenosis often accompanies mitral insufficiency or stenosis in chronic rheumatic heart disease.
The presence of severe mitral valve diseases makes the clinical diagnosis of organic tricuspid insufficiency or stenosis somewhat more difficult, as the mitral disease may cause symptoms that predominate in the clinical picture and may lead to functional tricuspid insufficiency.
The diagnosis of organic tricuspid stenosis or insufficiency, or both, has been made on the basis of clinical, X-ray, and, if necessary, by right-sided heart catheterization findings preoperatively. At operation the diagnosis can be confirmed easily and with certainty by palpation or direct vision inspection at the time of open cardiotomy for correction of the mitral valve lesions.
Five patients having severe mitral valve disease with significant organic tricuspid stenosis or insufficiency were treated successfully without hospital or late mortality. Four had open mitral commissurotomy with a ball-valve prosthesis in the tricuspid valve area. The fifth patient had a ball-valve prosthesis placed in both tricuspid and mitral areas along with removal of extensive left atrial clots. In all valve replacements (with one exception) the chordae tendineae-papillary muscle-annulus continuity was preserved to improve postoperative ventricular function. The valve tissue left in situ was rolled up to the annulus with a running suture before prosthetic placement,
The functional capacity of these five patients has been significantly improved and there have been no late complications in any patients during the follow-up period which now ranges from 17 to 31 months.
Total ball-valve replacement of the organically inadequate tricuspid valve associated with advanced rheumatic mitral valve disease restores the right side of the heart to a more physiologic state, and this may be essential for survival in certain far-advanced cases and most certainly improves the longterm surgical palliation achieved in others.
